OO @R E OO0

Sugar surfactant OB~ B KO & Vo8 BE=ZEAL

GAHERE, AN, FHREET
B LR 2K B E AR B AF 2 RHE 2 A i TR 0N A4 4 770 & 2 i

WA L 3 5 R AN S 2o /6h Tk
D, ZTOYRLFNRELPRE S TE /A 72, B
SR E A O AR B L OREICBE T 20K 8 AL
fibhzz, EHIZWEFE TR &N TV B sugar
surfactant /Y)Y T — 3 3 ¥V §FHFEIZIAN D, glucose
X sucrose PASHZ a-maltose, trehalose # #KFHE & 9
530%, TLFLHESHALEESE2ED8 DN,
RIELARLOMETAFTEIZILENTEDL LS ICE -
7o, 5, BRI LVRESHEEREN G EOMMEIZ K
1§ sugar surfactant O 451 #53E D 2B RAIIZHH S
PiZEh T gnLELILNS. —F, FHLIT,
Z I E CIIRi4 O sugar surfactant & FHWC, (1) Ak
LMo ET L7 7 2% b ) 7 2O,
BEO(2) 2 V30 B OBAECHEEIZ B 5 RENAEH
IZDOWTHEI L T&E 7. RFTIE, 215 OWFZEHE
IZDWTHINTT 5.

(1) HAEMETOREE (Rl ZREGFRICLZTES
HICRFTIEREAEEHROME

FHRER MR AW CHEL 2 0/WZ 2Ly 3 v
B PEAE T CHMSRE L 2 20T ELT 7
Z = b7 ZZ K BB ROR - O a5 R A FEAf - kb
L7z (1, 2].
#H# - Hix g & L Tlinolelic acid methyl ester
(LME), ¥#& U < trehalose # F 12 W72, 5G4
Ale LT, BEC BB, 6 554 DE /) 227 (%

&
Tk 4 43 H
Tk 6 43 H

SRR T TR A

SRR R BE T A 22 B & T ki 1
MR BT

SRR R BE T A 2E B & T ik 4 0
AR BT RRE R R

B LK T A A R aE TR BT

L (T%) sHhbky

Fl - Wh#dz

i 1L 2 K 25 Bt SRR A i 2e R L AR iy T ik
g

Tk 9 43 H

Yok 9 4F- 4 H
PR 1147 A
PR 15412 H
234 6 H

BUEIZES
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KOV bV Z2FN) LR FA UM, TA Y
PR EPEAl 4 £ R 30 M W2, O/W =)Ly g
ViE, fE, RmiEeEAlL WM E 2 £ 100 mg/mL,
20 mg/mL, 11 mg/mL DHEATEAEL, FEVFHA ¥
TFAt (10,000 rpm, 2 min) §5 Z &2k > THBEL /.
Boh/z0/W T vILy g VIR (100 uL) #EiksER
2K D BUEBERS U 7R, 24 REMEBRASHZME U 72,

56 N7zl L a8 7 7 1 v &2 FLEh TRA
L7etg, 77—V ZZHFHMNGHEHZED IR ZAX2 ML
ZWE L7z, Mg C=0 O MifEiRENZ K 4 % Peak
LD C-H Oms 2 MIRENIZH K § 5 Peak & DO LY
T b s E = ahig R A R, MR O TR
mEsHdT 2afEE+5 N L ok, Aifdhizr-
MR AR EIC A L Q. & SIS ST
Az F6 1 B SR oM ok 1 & IRIE R RIE T F T4
P L, MERR T ORI AR A HE U 7.

R OE9, MALOFRmIGHEAZ W85G OE T
EFALT 7 AV MY o 2T & BT AR A LU
R, owiE - rhHEREEEA, & ISBAKIERHES S &
R ER AW 5 Z & TR E a5 2
Wbtz 72, BAREOBEOREIZK > TEH
WAERIZR A, “ TR LT - AR TF ) —
Z Vs e AR KR E WG O [3] TESEHE L EN M
MAURE iz, RIS, FELENRO/EE LT —T L
WHEZZATAMEEOL OIS 5 &, B - IG5k
I—-F7h&0, FE-ERTZT7LOHPEDENE
WRERTZEDNDIP -7 (Fig. 1). ZTh kb, Him
WHAIO AN K= EH B~ b ) o 2 & OMEAAERIC
HELEHEZH S TR EZ OIS, T F
LSRN B sugar ester &ML &, TILFILEH
EWRLS LI TUflRI EH T2, 58K
PDRicz s L afiZo@brAashs (Fig. 2). IR X
N PLEMHIL 72, ZOFER, 7O FILFRBE N
EMFEOWF DS, H7yELT 7 A7 MY Y
Z W sugar ester (ZIFIETRTHEHTH2DICH/L, 7
LFLEHRPRET E S LR +& & 312, R
PRBEET B ZEnbr otz Tho DR S,
sugar ester O 7 )L FILFHE AT £ 1S sugar ester (2
FHTEERE 2 SR b Y 2 225 2k, WCT L
FILFHA R4 LM sugar ester 5[ ZAENh 3
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glucose C8 ether
glucose C10 ether
maltose C8 ether
maltose C12 ether
maltose C12 ester [
palatinose C12 ester
trehalose C12 ester
sucrose C12 ester '
sucrose C18 ester

sucrose C18x2

sucrosc C18x3

Encapsluation efficiency (%)

Fig. 1 LME encapsulation efficiencies for different head groups
of sugar esters and ethers after freeze-drying in the presence
of a sugar (100 mg/mL trehalose). The initial concentrations
of sugar surfactant and LME were 20 mg/mL and 11.1 mg/
mL, respectively. Error bars in the graph represent the high-
est and lowest values of all the measured values for each
experimental condition.

keys sugar head group

(O sucrose (monoester)
100 @ sucrose (di-)

@ sucrose (tri-)

< trehalose (mono-) é
80
60

LME encapsulation efficiency (%)

Alkyl chain length

Fig. 2 LME encapsulation efficiency for sucrose and trehalose
esters with different alkyl chain lengths. The concentrations
of LME, sugar ester, and sugar (trehalose) in freeze-drying
were 11.1 mg/mL, 20 mg/mL and 100 mg/mL, respectively.
Error bars in the graph represent the highest and lowest val-
ues of all the measured values for each experimental condition.

KM OBENECS B DEELLNS. &
51Z sucrose ester DE/ T ZTFNLEVIT AT, Y
IZATNEEZEOHE TRA L L 2 OMHuUEER %
Al L7z, FOME, T/IZATALEYIATILNE

NETHHAERTHAET 2L L, HALLLAD)
WalEENELS LD T b o7,

(2) BRORBROURBEZEREICSH T 5 sugar
surfactant DREILZHRE

& VSO (BE) KRIEWKIZ 4 FH sugar surfactant %
WL 728 &0, HifE K OHASTZERIC X 2HERD
JUE I & JAE JhER U 72 [4, 5].

M¥-FE x v o3sE (BBK) & L T Ascorbate
oxidase from cucurbica species (AO), Serine acetyl
transferase from escherichia coli (SAT),
Acetylcholinesterase from electrophorus electrics
(AChE), Alcohol dehydrogenase from saccharomyces
cerevisias (ADH), Alkaline phosphatase from Calf
intestine (ALP) % F \»7=. % Ffi ¥ % VA ¥ 12 sugar
surfactant 3 U & § 2R %E 0~5000 2 g/ml fll
ATz, ZORGEWREWKRERTRBEASL, TO%
ELHIZER T L, BRWEHEAZHETSZLI2kD,
BWAGHEIS B0 2 REACHN DR % /M U 7=, Mg
B BREAHRIZONTIE, LA REE - RNR
BV % RSB 3R TR SRS U, 24 IR BRASR20R % 1T >
2. TD%, BMELHEMI L 2ORRGEN LT
flid % Z &1k D RELAIDR A & 7ML 7=.

R

i (B BOA NI HE (BFR) REEDHE &#
WRFICAEME LR TWEER TH % A0, SAT, AChE i3
TR ISR PRGN KR ESIK T 2 EHAICH 5. &
ALl & L THETd 5 sucrose & W 72354, AO,
SAT, AChE OSXAFRRWEMEIIRFEIND I 1%L,
+oanREAHRES SN L2 5 72DITH L, sugar
surfactant & W 72 355 B I3 R AF BE R0 PE 23 90% LA | &
B0, D, PEOBRMTHEL LV HERE L -7 (Fig.
3). 72, TILFLEEDIEL S sugar surfactant % [
WA OMREKT 2L, kL EBORENIRE
AF27 L FLEHREEBERICLD RE 5720, &F
IS TV FLGHEN VL OO SN KD &SRS ZEN
T AMHMIZH > 7= (Fig. 3).

B 58 o 0k A D M PR L 3 B 2 B G AT DWW TR L
4 H (Fig. 4), W (22w —2, brorwo—2,
VU b—R) PEBUEROBAITIEEALEENELS, T
L F LR C10 OILAE, MIERE 2 HE (2L 3 — 2)
TEREAEHDNS LD IREIFZELL &b > 7.
LA L, 7OAFLEEH C8 LIERITHNGAIR, Mk
B a— 2054, b LD RE D 2 i E K
{7 (Fig. 4). 7LFLEHLE DAL T —F
LEER LT 2T ST 2 VoS BRENERIZE
BAENLE 5T,

DEDOREREE 6] 25, HAEKRKIZH T S sugar
surfactant {2 & % & ¥ /5 2 B & E AL O KB X sugar
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keys alkyl chain length

C8

C10
Cl12
Cl14
Cl6
CI8

sucrose or trehalose

g 4 4 JOledrs

100

enzyme: AChE
additive: trehalose esters

_22 , .

0.001 0.1 10
Additive concentration (mM)

Fig. 3 Remaining activities of (a-1, 2) AO, (b) SAT, (c) LDH (c), and (d-1, 2) AChE after freeze/thawing in pres-
ence of C8~18 esters of sucrose and trehalose.

Remaining enzyme activity (%)

100

80

60

40

20

sucrose
-—-—- sucrose C8
--——= sucrose C10
X a-D-glucose
A glucose C8 ether
@ glucose C10 ether
+ oa-maltose
/\ maltose C8 ether
@ sucrose C18 di-ester

0.001 0.01 0.1

1

10 100

Additive concentration (mM)

Fig. 4 Remaining enzyme (AO) activities after freeze/thawing in presence of sucrose and sucrose C12 ester
ethers of a-D-glucose (C8, C10) and a—maltose (C8) and di-ester of sucrose (C18) as a function of additive
concentration. The results for sucrose and sucrose esters (C8 and C12) are also shown for comparison.



surfactant & # VX7 BEOBOMEEHTH 5 E 2 5
TENTES, MWICHEFEZGOREMEICK 5
FIREIZ I 1% 2 vV BOREANIZ X Vo387 B =TI
WM OB EERNTIEES, LA, 2V v HE
2 5 RINE %2 bk 9 5 “#EIRFIAKF (Preferential
hydration) "[7] 12 & > THM T\ %, KA R
TEER O BAERE I B0 B 2 VoS 2 B EACAEF O K/
F, BIEETRROLSIZZEL TS, £F, WTh
OFERTEEA S KT FIZB O TARBILL, IR
BHEAREIERT 2. Z0&E, TLFALHBENTE
RESBEREBR L, 2828 OBICHEA/ER
FIEE LI v, —, TILFILEAE IR EEER
DARETE VNV BEEHAEEHEAERLSTVWEE
Z6N5. FERRICERMEES FEOGAICIERT LT -
ZDGEDO T HNRMEE R OFEHEARPARRE & 5D
g2V BEDHBEAERP LD ER IR T VWESEZ
bh3.

RIEZBEBOI L NE (BR) RELCHRE A5
CFREENRESIK T LAVWSE DL LTADH, ALP
EFHOWT, HERICEREERHEIKTT5280L
L T AO, SAT, AChE # w7z & Z A, Bifiizktk,
ETOMEOKRAHBGEELRKESIKRTTEHHKL
7 - 7= (Fig. 5). R"EALHI & LT sucrose ZHMIL 7=
%4, ADH, LDH, ALP OF{FREEWGMEIZ 80% LI EE
B0, EEICREATEZOICRL, HASRICZENL
2§ A0, SAT, AChE Xt L TlE &L REMHMTE L0
LW R E KL 572 (Fig. 5). Z#Hid sucrose TIX
TERZIEHARIZ B 1) 2 BRAEERIE ©, MR RENT S Z
ERTELEP 720 THDE. —F, RElHE LT
sugar surfactant # W\ 72854, LEdOETOERES
EIZRENTSZZENTE S (Fig. 5). dBWRE
L REETZ2 7L F LRI AHERICLD R A 57
2, TAFLEHRENRNE DD FHAHEDOIRNNTEE
IZREALT AEIAN D 572, 72, WThOFRIZD

100 | (a-1) 100 | (a-2) |
enzyme: AO | enzyme: AO alkyl chain
80 add%ltive: sucrose esters 80 add%ltive: trehalose esters keys length
60 60 A C8
| & C10
40 40 o) C12
20 | 20 | [ } Cl4
) Y : A Cl16
0 K= 0 e Ci8
100 | (b) 100 | (c) X sucrose or
& enzyme: SAT enzyme: LDH trehalose
S 80 additive: sucrose esters 80 I additive: sucrose esters
>
L & |
Z 40 |
(5]
§ 20 | 20 ﬁ
N N
5 og 0 T
2100 | (@D 100 | (d-2)
=)
= enzyme: AChE i
g 80 1 add%/tive: sucrose este 80
2 60 | 60 |
40 )(—2 40
20 20
?. )
0 ¢ 0 —=C
100 1 (e) 100 [ (f)
30 enzyme: ADH go | enzyme: ALP
additive: sucrose esters additive: sucrose esters
60 60
40 40
20} ) ’ 20: : ;
— 0

0.01 0.1 1 10 100

0.001
Additive concentration (mM)

0.01 0.1 1 10 100

0.001
Additive concentration (mM)

Fig. 5 Remaining activities of (a-1, 2) AO, (b) SAT, (c) LDH, (d-1, 2) AChE, (¢) ADH, and (f) ALP after freeze-
drying in presence of C8~18 esters of sucrose and trehalose. For comparison, the results for sucrose or treha-

lose are also shown in (a-1, b, ¢, d-1, e, f) and (a-2, d-2), respectively.
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W, FRAERBERIEMES B LAY 5 5 R 0 M Al O TR
MR, BUERE X D 12 HMi&E<, dEENERE X
WADH & ALP 12D W T, FRAFEE R WM & b R s
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